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Chapter I

INTRODUCTION

Distribution of Salmo clarki Rirhardson

The cutthroat trout, Salmo clarki, iz a pelytypic species which,

historically, had a very wide distriburion. Behnke {personal commu-~
nication) states, "The original distriburion of cutthroat trout
occurred in coastal streams from Prince William Sound, Alagka, to the
Eel River in northern California. In the interior regions, the

range included the South Saskatchewan drainage, the upper Columbisz
and upper Missouri basins, the Snzke River gegment of the Columbias
drainage, above and below Shoshone Falls, the upper Colorado snd Rio
Grande systems, rhe South Platte and Arkansas drainages in Colorado,
and the Great Basin (Bomneville, Lahontan, and Alvord basins).” The
first reports of the presence of cutthroat trout in Montans came
from the Pacific Railroad survayé of 1853 o 1835, at which time the
species inhabited all waters in the mountainous regiong of western
Montana.

Presently the distribution of "pure" native cutthreatr trout in
Hontana is restricted to small relict populations in the extreme
headwaters of mountain streams. This drastic decline in the range of
the cutthroat frout can be attributed to the introduction of several
exotic species of Crout in streams throughout the state (Hanzel 1968} .

According to Hanzel, rainbow trout, Saimo gairdneri. and brown

trout, Salmo trutta, were both introduced into Montana in 1891 and

-
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brock trout, Salvelinus fontinalis, were introduced in 18%4. Browm

trout now predominate in larger streams, and brook trout occupy the
smaller streams at lower elevations, as well as creeks and lakes ar
higher elevations. Both occupy waters formerly used by the cutthroar
trout. However, it is the rainbow trout that presents the most
seriocus threat to the continued survival of the native cutthroat
trout. The widespread and massive stocking of rainbow trout, the
similarity of the feeding habits of the rainbow trout and the
cutthroat trout (Brown 19%71) and the production of viable hybrids
between the two species explains why the introduction of the rainbow
trout has been more importaunt than any other single factor in causing
the widespread disappearance of pure populations of native cutthroat

trout in Montana.

Hybridization Between 5. clarki and 5. gairdneri

In some coastal drainages, from northern California to southern
Alaska, rainbow trout and cubthroat trout are sympatric and yvet ex-
hibit almost complete rveproductive isolation {Behnkes persomal
communication). However, where rainbow trout have been Introduced
into interior drainages in which subspecies of 5. clarki are
indigenocus, hybrids are readily produced between the two species.
According to Hubbs {1933}, it is not wousual for the introducticn of
a new species to an ares to be associatred with the production of
hvbrid individuals.

The tendency for the production of hvbrids between cutthreoat

and rainbow trout is enhanced by the very similar spawning patterns
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of the two species. Both spawn in the sgpring of the vear and prefer
localities characterized by relatively swift current, loose gravel
about ¥ inch in diameter, and water with a dissolved oxygen content
of at least 7 p.p.m. (Brown 1971, Dietz 1971).
The contamination of the gene pools of cutthroat trout is an

obvious consequence of hvbridization with the rainbow trout. Because
the preservation of native speciles is genmerally considered desirable,

this creates a problem for fisheries management.

Management of 8. clarkil in Montana

In the pasi, when a sgecies or subspecies of fish has become
endangered, state or federal agencies have attempted to develop
management programs intended to increase the range of the endangered
species. Programs invelving the creation of new habitat, the
elimination of introduced species, the construction of harrisrs to
upstream migration, and the introduction of the species or subspecies
concerned into previcusly barren waters have been used to modestly
expand the range of the greenback cutthroat trout, the Gila trout,
and the Apache trout (Behnke personal communication). However,
programs of this type for the counservation of the cutthroat trout
in Montana cannot be Implemented until a procedure is established
by which pure populations can be distinguished from those contsining

genes introduced through hybridization with other species of trout.

Tazcnomy of 5. clarki in Montana

Miller (1930) presents a list of subspecies for S. clarki in
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which the Yellowstone cutthroat trout is classified as 5. clarki
lewigi. Behnke {personal communication) states, "According to the
rules of nomenclature, the name lewisi is assigned to g cuithreat
trout taken at Greatr Falls, Montans, in the Misscuri River ... Thus
the name applies to all pative cutthroat trout of the upper Missouri
River basin {sbove Yellowstone draimage} snd any other geographical
groups of cutthroat trout which are taxonomically similar to a degree
that no consistent difference can be demonstrated in any charac~
ters ... Zimmerman {1962} stated that cutthroat trout from western

Montana could not be differentiated from 8. clarki lewisi from east

of the Continental Divide except possibly for minor differences. He
concluded rhat cutthreat troutr from western Montana, as well as

rhose from eastern Montana should be considered §. clarki lewisi.

Both Hanzel (1960} and Brown (1971) have avoilded the problem of the
subspecific classification of 5. clarki in Montana; they do not use
subspecific names.

The difficulties surrcunding the subspecific classification of
8. clarki, as well az many cther species, results from the conrinuicy
of the evolutionary process. Mayr (1971) states, "All findings agree
that din every actively evolving genus there are populations that are
hardly different from each other, others that ave as different as
subspecies, others that have almost reached species level, and finally
sti1} others that ave full species.” For two populations that arve
geographical isclates Mayr states that mutation, recombinztion and
selection will be different and independent in the two areas and that

an increasing genetic divergence between the two populations is



inevitable.

To what degree such a genetic divergence cccurs depends upon
several factors, one of which iz the amount of time the populatrions
involved were geographically isolated. Svardson (1961} found that
during various Pleistocene glaciations the production of sibling

species of sculpin (Myoxocephalus) and smelt (Osmerus) occurred in

Furasia in as short a time as 60,000 years due to geographic isclation.
The cutthroat trout populations of the headwaters of various major
drainages in Montans may have been genetically isolated from each
other for several thousands of vyears and the Yellowstone cutthroat has
likely been geographically isolated from other populations of cutthroat
trout in Montana since before the last glaciation, and perhaps as

long as 25,000 to 50,000 years (Behnke, personal communication}.

Because different populations of cutthroat have been isclated for
different lengths of time, it should be possibie to find populations
of native cutthroat that hardly differ from each other, others that
are as different as subspecies and others which have almost reached

the species level. This complicates the task of categorizing

populations of cutthroat trout in Montana.

Difficulties in the Use of Classical Methods of Taxonomy for Fish

In the past, taxonomists have utilized meristic characters,
spotting pattern and coloration for the categorization of fish
populations. Lists of characters typical of cutthroat and rainbovw
erout, such as those in Table 1 {from Schreck & Behnke 1971}, are

used to make smuch determinations. As can be seen from the table,
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there is an overlap between 8. clarki and 8. gaivdneri for the ranges
of each of the meristic characters listed. Thus it would be impossi-
ble to classify those fish that were intermediate with respect to
many of these meristic charvacters. Several gtudies have established
that meristic characters exhibit phenotypic variations in fish due to
environmental changes during early developmental stages {(Hubbs 1922,
Taning 1952, Mclugh 1954, Lindsey 1958, Sevmour 1959, Barlow 19561,
Garside 1966). No doubt these envivommentally induced variations
account in part for the problems involved in using mevistic characters
to distinguish the twe species of trout. Jordan and Evermann {(1937)
pointed out that ceoloration in Salmoninae is subject fo great
variation and thait consegquently this character rarely assists in
distinpguishing between the species. When dealing with subspecies of
cutthroat trout, Zimmerman {1965) found coloration to be so variable
that it was useless as a primary means of taxonomic separation.

Meristic characters, coloration and spotting patterns may be
successfully used by experienced personnel to distinguish species
of Salmo, if the populations sampled are "pure”. However, this is
seldom the case in Montana, since hybridization between 5. clarki
and 5. gaidneri is so widespread (Hanzel 1980, Brown 19713.

The problem then becomes whether or not merigtic characters,
spotting patterns and coloration can be used to consistently detect
hybrids in a given population of trout. After studyving hundreds
of gpecimens of matural figh hybrids representing dozens of inter-
gpacific and often intergeneric combinations in several families,

Hubbs (1940) found that as a general rule the systematic characters
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of fishes show blending inheritance, the phenotypes of hybrids appear-~
ing intermediate to those of the parents. He believed this type of
inheritance alsc operaled when subspecies and races of fishes were
crossed and when backcrosses were made. This would indeed be expected
for polygzenic characters. Anderson {1953) found the effects of
hybridization under natural conditions to be difficuli to detect. He
believed that backerosses tend to resemble the vecurrent parent so
strongly as to pass unnoticed by naturalists and monographers.

Several factors would be involved in the dispersion and freguency
of genes that have entered a population as a result of introgression,
that is, as a result of genes of a different species entering a gene
pocl by the backerossing of Fl hybrids. These factors would thereby
regulate the ease with which hybridization could be detected. For
adjacent populations of rainbow and cutthroat trout with a zone of
overlap, for example, the magnitude of introgressive hybridization
would depend upon the fitness of the hybrids in the parental environ—
ments, as well as the length of time that the two populations had
been in contact. In the case of hybridization f£ollowing the intro-
duction of one species within the range of distribution of another,
the mumber of individuals introduced becomes an important additional
factor in determining the dispersion and frequencies in the population
of the native species of genes introduced by introgression.

In light of the variation in the amount oi introgressive hybridiza-
tion which may occur in populations of trout, the inherent
variability of meristic characters, spotting patterns and coleoration

in trout, and the apparent mode of blending inheritance of these
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characteristics, it would appear impossible for even the expert fish
taxonomist to detect introgressive hybridization in rrout populations

by the use of classical methods of tawonomy.

Electrophoretic Detection of Intraspecific and Interspecific

Variation in Fish Populations

Northcote et. zl. (1970} used starch gel electrophoresis to
investigate phenotypic variation in lactsate dehydrogenase present in
the liver of rainbow trout taken from above and below a waterfall on
Kokanee Creek in British Columbia. One form was predominant in the
population of tvout from above the falls and another was predominant
in fish below the falls. Meristic characters also showed significant
differences between trout from zhove aﬂﬁ below the f£alls. Several
other studies have successfully used electrophoresis to investigate
intraspecific variation in fish populations (Ridgewsy et. al. 1970,
Wright et. al. 1970, Eckroat 1971, Payne et. al. 1971, Nyman and
Pippy 1972, Stegeman and Goldberg 1972, Morgan and Koo 1873).

Nyman (1970} crossed Atlantic salmon (5. salar} and brown trout
(8. trutta} and examipned the resulting hybrids using both biochemical
and morpholeogical methods. The analysis of protein wvariation by
means of starech gel electrophoresis revealed "more or less complete
summations” of the parental patterns in the Fy hybrid in the case
of 17 of the systems examined, HNyman points oui that most protein
systemg were more reliable than morphological characters in didenti-
fying ?i hybrids, but that their efficiency was equally low for the

detection of F, hybrids. Other studies have also used electrophoresis
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for the examination of phenotypes resulting from the hybridization
between species of fish (Hitzeroth et. al. 1968, Chen and Tsuyuki
1971, Morrison 1970, Wheat et. al. 1971, Whitt et. 2l. 1971, Metcalf
et. al. 1972, Whitt et, al. 1973). A more extensive review of
serclogical and bilochemical studies on fish populations is given by
de Ligny (1969).

The present study used electrophoretic techniques to determine
the amount of imtraspecific variation within and differentiation
between selected populations of cutthroat trout in Montana, and to
find biochemical interspecific differences betwsen rainbow asnd
cutthroat trout. Starch gel electrophoresis was chosen for this study
because of Lhe success with which this technique has been used in the
past. It is hoped that this study will help clarify the taxonomic
status of the cutthroat trout in Montana, and prove useful ip imple~

menting programs for the management of native cutthroat trout.



Chapter 1T

MATERIALS AND METHODRS

Sampling of Trour Populations

In choosing the sites from which to take samples of trout, a
number of factors were considered. Several of the major subdrainages
of the Clark Ferk of the Columbia River were chosen for sampling in
srder to determine the amount of genetic variation between populations
from different geographical aress. For the same reason, samples were
alsc taken from the headwaters of the Missou?® River and from the
headwaters of the Yellowstone River. Inm all, populations of three
types of trout, that are visually distinguishable, were sampled—
westslope cutthreat, Yellowstome cutthroat and rainbow trout.

An attempt was also made to locate streams with a high probability
of containing "pure” populations of native cutthroat trout, National
Forest Maps of the U. 8. Department of Agriculture, Forest Service,
ware consulted in order to determine sites suitable for sampling.

By their use, barriers to the movement of trout within streams were
located. Beaver dams, steep gradients (500 to 1500 ft/mi) and
watet;aiis {of & ft or greater) comnstitute such barriers (Hanzel
1960). Stocking records were obtained from the Montana State Depart-
ment of Fish and Game to confirm suspected introductions of exotic
gspecies into certain streams and lakes. Samples were then taken
upstream from barrierg in streams which had no recovds of being
stocked with rainbow tréazq This sampling procedure was followed

in order to minimize the possibility that imtrogression had occurred

i0
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between peopulations of the native cubthroat troul located upstream
to barriers and rainbow frout which mav have moved into waters below
such bharriers. In addition, a few sites, such as those on Rock Creek
and Odell Creek, were chosen because of the high probability that they
contained rainbow and cutthroat hybrids. The sites sampled in this
study are described in Table 2 and shown in Fig. 1. Trout wers also
collected from twe state hatcheries in Montana. Two stocks were
sampled at the hatchery at Big Timber: cutthroatr trout from MeBride
Lake (24} and Yellowstone cuttthroat trout from Yellowstone Lake (23}).
At the hatchery at Avlee, stocks of rainbow trout (26) and westslope
cutthroat trout (27) were sampled. The brood stock of westzlope
cutthroat tfrout at Aviee was taken from Hungry Horse Creek and
another nearby stream in the Flathead drainage.

Trout were collected by several methods. Those collected at
hatcheries were taken by 3 dip net. Those collected in Yellowstone
Lake were taken with z giil net. In streams, trout were collected
gither by angling or the use of an electric backpack shocker
{whenever the site to be sampled was not more than five miles from the
end of a forest yroad). In this manner a fotal of 347 trout were

taken from 25 diffevent locations during 1972 and 1973,

Treatment of Captured Troot

The trout were transporisd alive in a bucket of stream water to
the place where they were to be processed. This was usually in an
open ares near the siream, where the necessary egquipment could be

move easily used. The fish were then anesthetized in a solution of
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tricaine methane sulfonate (M.5.-222) and their total length was
recorded. In order to record characteristic spotting and color
patterns for later examination, color slides of all fish were taken
while they were still alive using 126 Ektachrome film.

Blood samples were taken from captured trout by making a
longitudinal incislon from the isthmus to a line connecting the most
posterior points of the pectoral fins and inserting a capililary pi-
pette directly into the pericardial cavity for the ceollection of
approximately 1 ml of blood. The blood was placed in 1 ml plastic
tubes and centrifeged in a Fisher centrifuge at 5000 g for 2 minutes
when the procedure was preformed in the laboratory., In the field,

a b. €. centrifuge powered by a 12-volt airplans battery was used.
Afrer centrifugation the serum was separated from the blood cells
and storved im 0.5 ml Beckman miecrofuge tubes {(Beckman, Pegquaannock,

H. J.}. The serum was immediately frozen by placing it in 2z vacuus
flask containing dry lce and was later transferrvred to a freezer which
maintained a temperature of ~4G°%. The cells were washed and
centrifuged with Bactoc hemogluttination buffer (Difco Laboratories,
Detroit, MI.) twice. A4 few drops of deionized water was then added,
and the cells were transferred to a capped microfuge rube and frozen.
Hote was made of the sex of the fish after it had Beeﬂ blad. Those
fish that could not be sexed without the use of 2 microscope were

classifiad as "immature’.

Electrophoretic Technigues

In an electric field, proteins migrate at a rate dependent upon
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their charge-to-mass ratic. By using a starch gel as a supporting
medium, proteins may also be separated if they vary im molecular
size. This is dus to the porous structure of the gel which acts
as a molecular sieve {Smith 1968).

Vertical starch gel electrophoresis (Smirhies 1959} was used to
examine the proteins in the serum of trout. Approximately 44 g of
hydrolyzed starch (Electrostarch Co., Madison, WI.) and 400 ml of
an appropriate buffer were mixed in a 2 litre conical flask. The
starch gel was made in the manner described by Smithies (1959) and
then poured into Hiller starch gel trays (0. Hiller, Madison, WI.).
Two trayvs used were as described by Smithies (1959) with the addition
of a coeling chamber on one surface of each tray. After pouring the
gel into these trays, plastic covers with two vows of siot formers
were applied to the gel surface. The third tray, with cooling
chambers on each side of the gel, was as described by Azen and
Smithies {1969). A plastic and glass cover was applied to the third
apparatus after pouring the gel, and only ome row of slots could
be formed., The gels were allowed to coel for 1 b before removing
the gel covers. BEach slot former made 16 slots, 4 wm wide x 1 mm
across x 3 mm deep.

Serum was loaded into the slots In sach gel with 2 1 ml
tuberculin syringe and a 2Z5-gauge needle. Molten petroleum jelly
was used to cover the slots and plastic wrap was used o cover the
exposed portion of each gel to prevent dehydration. The gel tray was
then set vertically in the lower electrode chamber. Filter paper

was used to form a bridge between the two compartments of each
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electrode chamber, and alsc used to connect the upper electrode
chambers to the exposed upper end of each gel. 500 volts of direct
current was then passed through the gels for 4 h. The amperage at
the beginning of electrophoresis ranged from 30 to 50 ma, depending
upon the buffer usad. Coolant at 4°C was passed through the cooling
chambers during the operation of the apparatus. The two end slots of
cach row were not used. Using the three sgsets of starch gel apparatus,
70 serum samples could be processed at one time,

At the end of the 4 h pericd of electrophoresis, gels were
carefully removed from the trays with a spatula and placed in a

container to be stained.

Serum Proteing Chosen for Study

Serum proteins, esterases, hemoglobins and lactate dehydrogenases
{LDH) stained clearly and were examined in this study. In Table 3
are shown the buffers used to separate these proteins and in Table 4
are shown the stains used to identify them.

The serum protein transferrin was identified by the iron stain
developed by Ornstein (no date) shown in Table 4. The gels remained
in this stain for 18 h, after which distinct white bands were visible.
The gels were then stained in zmido black as described in Table 4.
Only the white bands already present stained clearly, the remaining
proteins having diffused in the gel while in the irom stain. It
seems likely that the white bands vepresentad the original position
of the transferrins, which had formed a complex in the iron stalan too

large to diffuse in the same way as the other protelns.
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The banding pattern of each gel was recorded by photographing
with 35 mm Kodak High Contrast Copy film. The gels were placed in
plastic wrap to prevent dehydration and were stored in a refrigerator

for later examination.

Numerical Taxonomy

The phenetic relationships between populations (that is, their
similarities based on a set of phenotypic characteristics) were
examined by means of squared Euclidean distance, a measure of differ-
ence described by Sneath and Sokal (1973}. The formula for the
caleulation of squared Euclidean distance {A?) between the two popula-

tions (j and k) is
1
A? =L (X1 4-Xi5)

where X is the freguency of occurrence of the igg:character and n is
the number of characters used in the comparison. By this methed,
pairs of populations are compared with respect to their knowm charac-
teristics, so that they can be ordered in a hierarchy on the basis of
the degree of dissimilarity between them.

A computer program was written to calculate sguared EZuclidean
distance {(A%7). The distances were used to construct a §© ¥ © matyix,
where t is the number of operational taxonomic units, or O0TU’s,
involved in the study. An OTU is the lowest ranking taxon employed--
in this case a populaticn. Only one diagonal half of such a matrix
ie used since the two halves contain ddentical information.

From the variocus hierarchical grouping strategiss given by
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Sneath and Sokal (1973), the UPGMA (unweighted pair-group method
using arithmetic averages) was chosen because of the advantages it
possesses.

The first step in UPGMA is to locate from the matrix, populations
which are reciprocally least dissimilar {(i.e. produce the smallest
&2}, thereby forming the first groups of populatioms in the hier-
archy. When a group is formed it is added to the matrix, and the
average distance of this group to all remaining populations is
calculated. Further fusions between populations and groups of
populations that are reciprocally least dissimilar are subsquently
then made at successively greater levels of dissimilarity, until the
hierarchy is completed.

The formula

1 noa
] G 0N
%

2
a JK“(tJ

ik

is used to compute the average squared Euclidean distance, A?JK’
between any two groups of populations, J and K, where tj is the
number of pepulatioms in group J, and ty the number of populations
in group K. This formula must be used when no previous comparison
between the populations of the two groups has been made. However,
if the values of A2 between groups J and L and between groups J and

M have been calculated, and if groups 1 and M fuse to form a new

group, K, the formula
. tL(ﬁZJL}“i'tM{AZm)
A% k= P

may be used to calculate the squared Buclidean distance between groups
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J and K. This avoids the need to calculate the values of A® between
all pairs of populations in groups J and K. This formula can also
be used when J 1s a single population rather than a group of pepulations.

A hierarchy produced in the manner described above can bs repre-
sented disgrammatically dn a phenogram {a dendrogram dndicating
phenetic relationships), so that the results can be esasily ezxamined.

For the purpose of grouping phenctypes, information analysis
as described by Sneath and Sokal (1973) was used. However, instead
of using an agglomerative sorting strategy, in which t separate
smtities are grouped Into successively fewer sets until a2 single set
containing all ¢ entities de formed, a divisive sorting strategy was
emploved, as suggested by Lambert and Williams (1966). In a divisive
sorting strategy, © entities in a set are subdivided into subsets,
which in turn are subdivided to some preset level of information or
until there are t separate entitiles.

The first step in the analvsis Is the construction of an n x ¢
matrix, where n is the number of characters observed In the total
mumber of phenotypes, t. Bach eatry in the matrizx, Xiiﬁ therefore
indicates if the ith charvacter (in this case a protein), is present or
absent in a given phenotype.

Next using the general formuls

1
IH Sniﬁiﬁ t}{wﬁ {aigiﬁ &iﬁ"?’{‘i‘_ﬁ"aig} iﬂ{tﬁ‘“aiﬁ) :§

where ty is the number of phenotypes in tawon H (dnitially the entire
matriz) and &3y is the number of vhenotypes in faxon H possessing

the ith character, a value for the total amount of information in the
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matrix is calculated.

For each character under consideration, the matrix is then
divided into two taxa-—one, J, possessing the positive state and the
other, K, the negative state for the ith character, {i.e. one matrix
in which the character is present and the other in which it is absent}.
Using the above formula, the total amount of Information in the tazon
possessing the positive state for the ith character, Ijp, and the total
amount of information in the taxonm possessing the negative state for
the ith character, EK* are caleculated for each of the characiers
incorporated in the matrix.

By using the formula
ATy=Tp-(1y+Ig)

where ALy equals the increase in information created by jolning taxa

J and K for a given character and Iy is the total information con~-
tained in the matriz created by joining taxa J and K, the character
for which AT is maximal can be found. On the basis of the presence or
absence of this character in the phenotype, the first divisicon in the
hierarchy is made at level of informarion Iy: one of the branchss
gives rise to all phenotypes in which it is absent. The two taxa
formed in the manner described are sach more homogenous {and therefore
possess less information) than any other two taza that could be
created by a single division of the matrix. Both contain phenotvpes
resembling one another more than any other possible grouping of
phenotypes based on the presence or absence of one character.

The formation of the hierarchy continues by treating the
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matrices vesulting from the f£irst division in the same manner as was
the original matrix., That iz, each of these new matrices i3 dividad
into two parts on the basis of the presence or absence of one of the
remaining characters: that for which A I; is greatest. The charac-
ters used to make the second division in one of the matrices may differ
from that used in the other. This process 1s repeated until ail
characters have been incorporated into a particular sequence of the
hierarchy or until a calculated value of EH drops below a predeter-
mined level of significance. This can be determined from a table of
chi-square values, because 21 is approwimately distributed as
chi~square with n degrees of freedom, where n equals the number of
characters used.

Thig process results in the formation of a monothetic sequential
key which allows phenotypes to be grouped at appropiate levels of
information, EH’ on the basie of the degrees of relatedness between

them.



Chapter III

RESULTS

Appearance of Sampled Trout

From an examination of field notes and color slides of the trout
sampled, it appeared that populations 1-16, 18-20, and 22 (Fig. 1 and
Table 2), as well as the stock of westslope cutthreat trout at the
Montana State Fish Hatchery at Arlee (27}, contained mainly trout
with spotting patterns, cocloratiom and shapes similar to those
depicted by Brown (1971) as the westslope cutthroat trout. However,
these characters were highly variable in most of the populations
sampled.

Trout from Lower Elliot Lake (16) had spots confined exclusively
to posterior of the dorsal fim, while those from Straight Creek (&)
were heavily spotted over the entire body with the exception of the
belly area. Fish in the remaining populations iisted were a mixture
of trout with either of these two extremes of spotting pattern and
trout with intermediate spotting patterns. The size of spots found
in these populations varied considerabl . For example, trout from
Deer Creek (4) that had a body length of approximately 17 cm had spots
from less than 1 mm to 3 mm in diameter.

The coloration of the trout from the listed populations generally
appeared to vary in accordance with the density of the canopy of the
stream from which they were taken. For example, Bear Trap (reek (12)
had an open canopy and the fish taken from it were of a silvery color,
while Little Stony Cresk had = tight capopy and trout there were

20
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considerably darker in color. Within-stream wvariation in color was
also apparent. Trout visually classified as rainbow trout from Rock
Creek (17) and those from the hatchery at Ariee (26) did not differ in
spetting patternm, coloration or spot gize to any considerable extent.

Trout taken from Yellowstone Lake {23) and the stock from
Yellowstone Lake at the Montana State Fish Hatchery at Big Timber {25)
were typical of the trout depicted as Yellowstone cutthroat trout by
Brown (1971). The majority of trout from Overwhich Creek (21} also
matched the description of Yellowstone cutthroat trout.

The stock of trout from McBride Lake at the hatchery at Big
Timber (24) did not uniformly resemble westsiope cutthroat trout ov
YVellowstone cutthroat trout, but appeared to be a mixture of these

forms and their intermediates.

The Serum Proteins—Qualitative Analysis

Patterns of hemoglobins obtained from the washed cells of rainbow
trout taken from the hatchery at Arlee differed from those of cutthroat
trout from the same source. Proteins migrating anodally appeared to
be identical in the two species while those migrating cathodally
showed extensive differences. As indicated by Fig. 2 and 3, the rain~
how trout possesses four proteins (L,N,S and U pet present in the
eutthroat trout, and the cutthroat trout possesses five proteins
(M,0,R,T and V) not present in the rainbow trout, Two proteins (P and
Q) migrating cathodally were common o both. Very similar differences
between the patterns of migration of hemoglobins in vainbow and

cutthroar trout were demonstrated by Tsuyuki et. al. (1965). Unfor-
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tunately, consistently good separations of the bands of hemoglobin
proved impossiblie in the case of most of the populations sampled, and
therefore further anzlvsis of this protein was not attempted.

Nine distinet forms of lactate dehydrogenase (IDH) were observed
in the serum of the trout sampled following electrophoresis and
appropiate staining. Some stained weakly, and all nine were not
invariably detectable. Massarc and Markert {1968) surveyed the LDH
isczymes of certain salmonids, and found that the blood of rainbow
trout usually contained five forms of 1LDH which they called group b.
However, other groups of five LDH isozymes were sometimes present im
the blooed, perhaps as a result of leakage of the highly scluble
enzvme from other tissues. The presence of up to nine forms of LDH
in the serum of the trout sampled in this study might be explained
on the basis of two groups of five isozvmes having one form cf the
enzyme in common.

Because of the variability in the staining intensity of_the
isozymes of LDH, and the consequent problems encountered in thedir
detection, variaticn in this enzyme was not considered in subseguent
analysis.

Fsterases were polymorphic in some populations sampled, bhut
monomorphic in most. This result differs from that of Nyman (1971},
who concluded that esterases were monomorphic in rainbew trout. In
all, six esterases were distinguished by means of electrophoresis of
serum and appropriate staining in this study (Fig. 3). These were
nunthered 4~% in order of decreasing rate of anodal migration. Four

different banding patterans for esterases werse observed--4,3; 4,5,7,9;
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4,5,6,8 and 6,8 (Fig. 4). 1In Table 5 are shown the frequencies of
these phenotypes in the wvarious populations sampled.

Esterase phenctype 4.5 had a high frequency of ocecurrence iIn
both westslope cutthreat and rainbow trout. It occurred with a
frequency of 1.00 in a2ll but three of the populations visually
classified as westslope cutthroat trout, and occurred wiih frequencies
of 1.00 and 0.68 in the two populations visually classified as raimbow
trout, Phenotvype 4,5,7.9 was unique to trout visually classified as
rainbow trout, and phenotype 6,8 was unique to those populations
visually classified az Yellowstone cutthroat trout.

The hypothesis was tested that the esterases observed in this
study were controlled by three alleles at a single locus, with each
allele responsible for a pair of bands seen on the starch gel. The
chserved frequencies of esterase bands observed in the serum of trour
from COverwhich Creek matched exactly the frequenciles expected accord-
ing to the Hardy-Weinberg Law, and a chi-square test revealed that in
Congdon Creek, freguencies did not differ significantly from those
expected according to the Hardy-Weinberg Law (p» 0.3). Observed
frequencies of esterases in rainbow trout from the hatchery at Arlee,
alse mateh frequenciss expected accoerding to the Hardy-Weinberg Law
(p>0.1). These findings are consistent with the proposed hypothesis.
Esterases 4 and 5 appear to be the products of one allele, with one
of them probably a breakdown product of the other. Esterases 6 and §
appear to be the products of a second allele, and 7 and 9 the products
of a third.

Since esterases & and 5 were obsevved with 7 apd 9 in population
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26 and with 6 and 8§ in populations 19 and 21, it appears that the
alleles controlling the esterases were codominant. HNyman (1971)
crossed chum with sockeve salmon and concluded that thelr esterases
were also inherited in a codominant fashion.

Several serum proteins were cbserved when the starch gel was
stained with amide black {Fig. 5), but only seven of these could be
detected with any consistency (see Fig. 7). These were named C,D,E,F,
G, B and Y in order of decreasing rate of migration toward the anode.
The frequency of occcurrence of these proteins is given in Table 5,
and Table 6 lists the 36 phenotypes of serum proteins that were ob-
served.

Prom Table 5 it appears that protein C only occurred with a
frequency greater thanm 0.05 (that is, in more than 5% of the fish
sampled) in those populations visually classified as Yellowsione
cutthroat trout. Protein D eccur?ed, with varving frequencies, in all
but one population. Protein E was present in six of the 21 populations
visually classified as westslope cutthroat trout and it occurred
with a frequency greater than 0.73 in all populations visually classi-
fied as rainbow or Yellowstone cutthroat trout. Protein F occurraed
with a frequency greater tham 0.37 in all population vigually classdi-
fied as westslope trout and with a fregquency less than 0.18 in all
populations visually classified as rainbow or Yellowstone cutthroat
trout. Protein G occcurred inm high frequencies in all populations
classified as rainbow or westslope cutthroat trout, but was totally
ahsent in two of the three populatioms visually classified as

Yellowstone cutthroat trout. Protein H was absent in 17 of the 21
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populations classified as westslope cutthroat trout and was absent in
all populations visually classified as Yellowstone cutthroat trout.
It was present with & freguency greater than 0.886 in both populations
classified as rainbow trout. Protein Y occurred with a frequency of
1.00 in 19 of the Z7 populations sampled, and with a fregquency greater

than .4 in five of the remainder.

The Serum Proteins-Quantitive Analvsis

Un the basis of a chi-~square contingency test, no signigicant
differences were found between the sexes with respect to the banding
frequencies of serum proteins in the 52 rainbow trout taken from the
hatchery at Arlee (p >0.8). This was the only population tested in this
way. All other samples consisted mainly of immature fish whose sex
could not be accurately determined in the field.

Relationships between the populations sampled, based on the
frequencies of occurrence of individual serum proteins and esterases,
are shown by the phenogram in Fig. 8. 1In Fig. 9 is shown a phenogram
based on the frequencies in the samples of the phenctypes created by
a consideration of all of the serum proteins examined in this study.
The frequencies of phenotypes resulting from a comnsideration of the
asterases as well as the serum proteins {Table 7} werse not used in
the construction of this phenogram, because variation in the esterases
added too many new phenotypes to the total already recognized. Pre-
iliminary analysis indicated that the inclusion of the esterase
variation resulted in each population becoming so unique as to cause

a breakdown in the grouping strategy so that unrelated groups of
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populations were formed. Sguared Euclidean distance, AE, was the
measure of diffevence and UPGMA the grouping strategy employed in
both phencgrams. In order to atrach some level of statistical signi-
ficance to the velationships drawn in Figs. 8 and 9, chi-square
contingency tests were used to compute the probability (p) of the
chance ocecurrence of the cobserved amount of variation between populations
or groups of populations. Those probabilities below the 0.05 level are
indicated on the phenograms. The tests compared numbers of indivi-
duals in two populations or groups or populations possessing the
various proteins or phenotypes considered in the comstruction of the
phenogram. Therefore, the validity of the phenogram itself was not
tested, since it was constructed on the basis of the frequencles of
proteins or phenotypes, without regard for sample size.

Both of the phenograms generally support the groupings of
populations made on the basis of a visual examination of the sampled
rrout. The three types of trout recognized by visual inspection
ccceur in separate groups in the phenograms. The phenogram im Fig. 8,
which is based on banding freguencies, jcins the group of all popula-
tions containing trout visually classified as westsiope cutthroat
rrout (1-16, 18-20, 27 and 27) with the two populations containing
trout visually classified as rainbow trout (17 and 26) at =243,
This group of populations in turn joins with all populations containing
trout visually classified as Yellowstone cutthroat trout or their
hybrids (21 and 23-25) at A%=4.53.

The phenogram in Fig. 9, which is based on the phenoctypic

frequencies of the serum proteins, joinms all bur two of the populations



27

containing trout visusglly classifled as westslope cutthroat trout with
the two populations of trout visually claszified as rainbow trout at
AZ= 0,76. This group of populations in turn joins with two of the
three populations containing trout visually clagsified as Yellowstone
cutthroat trout at égﬁlyﬁzs

The relationship shown by both phenograms of the three fypes of
trout recognized on the basis of & visual Inspection is surprising in
that the logical conclusion to be drawn is that vainbow trout are
bicchemically more closely related to westslope cutthroat trout than
are Yellowstone cutthroat trout. Yet Yellowstone cutthroat and west-
slope cutthroat trout are both classifled as 5. clarki, while rainbow
trout are given the separate specific designation of 5. gairdmeri.

Further examination of Fig. 8, the phenogram based on protein
frequencies, reveals that of the group of populations 5, 9~153, 18 and
27 (the sample of westslope cutthroat trout obtained from the hatchery
at Arlee} formed at &zmﬁ.géj only populations ¢ and 10 contained
trout with proteins found im high frequencies in rainbow or Yellow-
stone cutthroat trout. Only three trout possessed such proteins inm
these two populations. There was a geographical relationship beltween
2 majority of the populations in this group. Fopulations g9-14 all
occcurred in streams which flow into the Blackfoot River above its
junction with the Clearwaier River {Fig. 1}. In Fig. &, populations
i~4 ars groupsed at gzw@gﬁé. All of these samples were taken in the
vicinity of Thompson Falls, Montana.

From Fig. &, which is based on protein freguencies, it appears

that trout from Odell CUreek (220, which is located at the headwaters
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of the Missouri River east of the Continental Divide, are more similar
to the group of populations of westelope cutthrost from west of the
Comtinental Divide than they are to cutthroat trout from Yellowstone
Lake, in the Miszgouri drainage.

Further examination of Fig. 9, the thenogram based on phenotypic
frequencies, reveals many of the same relationships shown by Fig. 8,
which is based on protein frequencies. In Fig. 9 populations 5, 11-14,

18 and 27 again group at a low wvalue of A%, but sopulations 9, 10 and

15 ave excluded. As in Fig. 8, populations 1-4 group at a low value of

A%, population 22 taken from east of the Continental Divide Zroups

at a low value of AZ with populations of westslope cutthroat trout

taken from west of the Continental Divide, and populations visually
classified as rainbow trout are more closely related to the populations

of westslope cutthroal trout than are populations of Yellowstone cutthroat
trout.

The phencgram in Fig. 2, which is based on phenotypic freguencies, in
differs from that in Fig. 8, based on protein frequencies, im that populations
populations 7 and 20, containing trout visuslly classified as westsliope
cutthreoat troui, join all other groups of populations at z high value of
A%, Furthermore, in Fig. 9 population 21 contaiming trout visually
classified as Yellowstone cutthroat trout, joins dirvectly with populations
17 and 26, containing trout visually classified as rainbow trout, whereas
in Fig. 8 population Z1 grouped first with populations 23, 24 and 25, which
alse contained trout visually classified as Yellowstone cutthroat trout
or their hybrids.

It should be noted that Fig. 3%, uniike Fig. 8, was constructed

from data that distinguish between the situations in which rare genes
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are dispersed among many troul or concentrated in a few, possibly of

a different species.

Phenotypic Analysis by Means of Information Theory

in Fig. 10 a monothetic sequential key is presented for the
various phenotypes of trout observed in this study. In this key, the
ultimate position of phenotypes is determined by the presence or
absence of particular serum proteins and esterases. The result is the
placing of phenotypes in groups which contain a lower total level of
information (1) thanm any other groups which could possibly be formed
from the same phenotypes.

Since 21 is approximately distributed as chi-square with n
degrees of freedom, where n equals the number of characters used, if
two groups join at a given level of information, it is possible to
attach & level of significance to the relationship given. Since ten
characters were used in the construction of the key, groups which
joirp at I> 9.15 differ at or below the (.05 level of significance.
Only groupings that occur at I» 9.15 are shown.

Table 7 gives the number of individuals in each sample of trout
possessing a particular phenotype. From this table, it can be seen
that the phenotypes of the first group on the left of the key in Fig.
i3 were found onlv in trout from Congdon Creek {19), which were
vigually classified as westsliope cutthroat trout. The phenotypes of
the second group ware found only in fish visually classified as
Yellowstone cutthyoat trout. The same is true for the third, fourth

and fifth groups of phenotypes, with the excepition of phenotype 47 in
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the fourth group, which was found in a single trout from Congdon (reek
{(19). The phenotypes of all trout from populations 23-25 were found
in the second, third and fourth groups. Therefore, all phenotypes
common to Yellowstone cutthroat trout were found in groups 2~5 of
Fig. 10, indicating that esterases ¢ and 8 were present in all Yellow-
stone cutthroat trout sampled in this study. The only fish visually
classified as other than Yellowstone cutthroat troul 1o possess
esterases 6 and 8 were seven individuals from Congdon Creek (1%} and
rhose at the hatchery at Big Timber {24% .

A1l phenotypes in the sixth and seventh group in the key were
found only in the rainbow trout from the hatchery at Ariee. Pheno-
types in the eighth group were found in populations 8, 17 and 25.
Populations 17 and 26 consist of trout visually classified as rainbow
trout. Trout from Greenough Creek (8) contaimed only one of the
phenotypes in the eighth group, and that was present in only a single
individual.

With the exception of the single trout from Greencugh Creek,
phenotypes of the sixth, seventh and eighth groups, were found only
.in those trout visually classified as rainbow trout. Thus phenctypes
lacking esterases & and 8 and possessing serul proteins E and H
appear very common to £ish visually classified as rainbow froutl.
Furthermore, all sampled fish lacking esterases & and & and possessing
esterases 7 and 9 and serum proteims E, G and H were visually classi-
fied as rainbow trout. OFf the 71 trout of populations 17 and 246,
which were visually classified as rainbow trout, 57 had phenotypes

found in the sixth and eighth groups. Seven of the remaining trout
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from these populations had phenotypes found in the tenth group, which
contained only these phenotypes.

Phenotypes of the ninth group were found only in populations
visually classified azs westslope cutthreat trout-—namely 2-4, 19 and
22. However, these phenctypes occurred only rarely im the populations
containing them.

Phenotypes in the eleventh group were found only in populations
2 and 4, which were visually classified as westslope cutthroat trout.
However, only one trout from each population possessed either of the
vhenotypes in this group.

Phenotypes in the twelfth, thirteenth and fourteenth groups
represented 361 of the 386 fish from populations visually classifiad
as westslope cutthroat trout. Only three trout from a population not
g0 classified were included in these groups, and zll three were from
Rock Creek (17). ¥ield notes taken at their capture revealed that two
of these three fish appeared as rainbow trout but had a bright orange
cutthroat slash mark, indicating that they were probably hybrids
between rainbow and westslope cutthroat trout. The third fish
appeared to be a2 westslope cutthroat trout--the only one in the is
fish sampled to appear so. Thus, all the sampled fish with phenotypes
in the twelfth, thirteenth and fourteenth groups were visually classi-
fied as westslope cutthroat trout or as hybrids between westslope
cutthroat troit and rainbow teott.

A total of eight fish possessed the phenotypes found in the
fifteenth group. Seven were visually classified as rainbow trout, and

one was clasgified as westslope cutthreoat trout.



3z

In summary, the key in Fig. 10 separates all fish visually
classified as Yellowstoune cutthroat trout from alil fish classified as
rainbow trout and from most fish classified as westslope cutthroat
trout at a high level of informarion (I=326). Furthermore, the
majority of fish classified as rainbow trout are also sepavated from
those visually classified as westslope cutthroat trout at a high level
of information (I=174). All other divisions simply separate groups

containing rare phenctypes from those containing common phenoiypes.



Chapter IV
DISCUSSION

Sibley (1962) made the following observationt YSince protein
molecules are the principle morphological units of the animal body at
the molecular level of organization, it follows that their form and
structure are as relevant as sources of genetic and phylogenetic infor-
mation as are the muscles, bones, organs, skin, hair, feather, and other
structures which themselves are composed largely or entirely of protein
molecules.” 1If the relationships established by classical procedures
are valid, it should be possible to confirm them by bicchemical analy-
sis. 1In this study, the three types of trout recognized by means of
classical procedures are indeed separable on the basis of their
biochemical differences——a high correlation exists between the group-
ings of populations made from a comsideration of the frequencles of
individual protelns or overall protein phenotypes and those made on
the basis of a visual examination of the trout.

The phenograms in Figs. 8 and 9 quantify the relationships
between the populations of trout sampled in this study. Although
each incorporates certain information omitted by the other, both are
based on the same data (the proteins present in the individual trout)
and it is therefore not surprising that they indicate similar rela-
tionships. The least anticipated comclusion drawn from an examination
of the phenograms is that those populations visually classified as
rainbow trout are bischemically more closely related to those
visually classified as westslope cutthrosi frout than are those
visually classified as Yellowstone cutthroat trout.

The key in Fig. 10, separated those phenoiypes characteristic

33
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of Yellowstone cutthroat trauﬁ from those characteristic of rainbow and
westslope cutthroat trout at almost twice the level of information at
which phenotvpes characteristic of rainbow trout are separated from
rhose characteristic of westslope cutthroat trout. This result places
in doubt the validity of the currently accepted classification based
on classical procedures, which indicates that westslope cutthroat and

Yellowstone cutthroat trout are members of the species Salmo clarki,

while rainbow trout are member of the species 5. gailrdneri. More
extensive biochemical analysis might verify the current classification,
but until such a time the question of its validity remains. A similar
situation is already known to exist in the Salmonidae, in that the

masu salmon {Oncorhynchus masou)} is biochemically more closely related

ro the rainbow trout than to other species of the genus Oncorhynchus

(Utter et. al. 1973, Tsuyuki and Roberts 1966}.

& number of explanations ave possible for the observed relation~
ships between the rainbow, Yellowstomne cutthroat and westslope
cutthroat trout. One possibility is that barriers to gene flow
between populations of rainbow trout in the lower Columbia River and
those of westslope cutthroat trout in the upper Columbia River have
been less effective than barriers to gene flow between the former
populations and those of the upper Smake River from which the Yellow-
stone cutthroat trout was apparently derived. If this were the case,
and if different envirommental conditions in the upper Snake and upper
Columbia Rivers favored different genotypes, then the cbserved relation-
ship might be predicted.

Another possibility is that the populations of cutthroat trout
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with large spots now found in the upper Snake River and in Yellowstone
Lake actually invaded the Snake Eiver from the headwaters of z river
system other than the Columbia River, thus accounting for the radical
bigchemical differences between the Yellowstone cutthroat and the
westslope cutthroat trout.

A third explaination for the observed relationships between the
three types of trout is that the populations of Yellowstone and wesi-
slope cutthroat trout sampled merely represent fwo extremes of a
continuum that exists within 5. clarki. If this were the case, the
sampiing of a wider range of populations of 5. clarki, followed by the
type of grouping strategy that has been performed in this study, would
be expected to show that populations of Vellowstone cutthroat trout
and westslope cutthroat trout group before either join with populations
of rainbow trout.

Many other plausible explanations for these rvesults could no
dougt be given. However, in the absence of further research it would
not be possible to determine which, if any, was correct.

Several other relationships between populations are apparent
from the phenograms in Fig., 8 and 9, and are worthy of note. A4s
previcusly mentioned, populations 1-4 ewist within a cizcle 25 mi in
digmeter in the area of Thompson Falls. In both phenograms these
populations group at a low sguared Fuclidesn distance { A%) and
chi-square tests indicate no significant differences between them with
respect to the frequencies of proteins or phenotypes, In Filg. 8
populations 9-14 group at a low value of AZ and chi~sguare tests

show that they do not differ significantly. This group of populations



36
occurred in streams which were tributaries to the upper Blackfoot
River. In Fig. 9§ a similar relationship between these populations can
be seen, although populations 9 and 10 are omitted fyom the group.
Thus the method of biochemical analvsis used in this study appears
to group populatiéﬁs acco?ding to their locations to some extent——
certainly to a greater extent than expected by the use of meristic
characters, spotting patterns and coloraticn of sampled trout. However,
factors unigque to 2 given stream could easily confuse the geographical
relationships bhetween populations. This could explain the omission
of population 5 from the group containing populations 1-4, and explain
why populations 6 and 7, or 18 and 19, did not group at a lower value
of A2 in the phenograms.

Populations 5, 11-14, 18 and 27 join at a low value of AZ in
both phenograms., Each individual in the samples taken from these
seven populations was visually classified as a westslope cutthroat
trout, and none expressed biochemical phenotypes characteristic
of trout visually classified as rainbow or Yellowstone cutthroat trout.
Stocking recovds of the Montana Department of Fish and Game give no
indication that rainbow or Yellowstone cutthroat trout were stocked
in zny of the streams from which these samples were takenm. State
records zlso indicate that the brood stock of westslope cutihroat
trout at the hatchery at Arlee (27) is the only one consideved
“pure” in the state hatchery system. All phenotypes that cccurred in
populations 5, 11-14, 18 and 27 were found dn the twelfth, thirteenth
and fourteenth groups of the key din Fig. 10. In view of these facts

it geems reasonable to refer to these seven populatioms as consisting
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of "pure'" westslope cutthreat trout; that is, westslope cutthroat trout
not possessing in high frequencies genes normally found in such fre-
guencies only in rainbow or Yellowstone cutthroat trout. In short,
these populations of westslope cutthroat trout show no evidence of
introgressive hybridization with trout of other types.

It is of some interest that several of these populations of
"pure” westslope cutthroat trout, notably 11 and 12, contained fish
with a silvery coloration and small spots dispersed over most of the
body. These tralts are characteristic of the raimbow trout. Therefore,
on the basis of color and spotting pattern, it might be concluded
rhat these fish were hybrids, since each of them also possessed the
bright slash mark characteristic of the cutthroat trout. However,
the bicchemical analysis of the trout from these populations revealed
no indication of the presence of hybrids. Martin and Richmond (1973}
collected a sample of two species of darter {Percidas), 11.6% of
which appeared on the basis of morphological characteristics to be
hybrids. However, a blochemical analysis of the sample revealed that
less than 3% were hybrids. This would appear to indicate that Toure—
bred" fish may often be mistaken for hybrids on the basis of morpho-
logical criteria. The alternative explanation that could be drawn
from the results--that hybrids are more likely to be detected by an
examination of gross phenotype than by the biochemical analysis of
direct gene products--geems less Likely.

On the supposition that populations 5, 11-14, 18 and 27 in fact
contain "pure” westslope cutthroat trout, atteation should now be

given to the remaining 14 populatlons visually classifisd as
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westslope cutthroat trout. Im Fig. 8, populations 9, 10 and 15 join
at a low value of A% with the group of seven populations considered
to be "pure'. This implies that little or no intregression with other
rypes of trout has occurred in these three populations. All of the
phenotypes that were found in these populations occur in the twelfth,
thirteenth and fourteenth groupe in the key in Fig. 10 as ¢id those
of the supposedly "pure’ populations of westslope cutthroat trout.
Stocking records indicate that both Chamberlin Cresk {9) and Arrastra
Creek {10} have had rainbow frout introduced into their lower reaches.
The Little Blackfoot River {(15) has mever been stocked with rainbow
or Yellowstone cutthroat trout.

There remain 11 populations of trout visually clagsified as
westslope cutthroat trout. Of these, six (Z-4, 8, 19 and 22) yielded
trout which possessed proteins present in high frequencies only in
rainbow or Yellowstone cutthroat trout (see Fig. &) and which were
completely absent in the seven populations conmsidered to be "pure”
westslope cutthroat trout. A plausible explanation for this result is
that hybridization between westslope cutthroat trout and Yellowstone
cutthroat or rainbow trout occurrred in these populaticns at some
time in the past, and that the foreign gemes and proteins have been
retained. A similar comclusion was drawn by Payne et. al. (1972},
following the finding that several specimens of the brown trout 8.
trutta) taken in their native habitat possasged proteins found in high
frequencies only in the Atlantic salmon (8. salan. Crosses between
the two species confirmed that proteins characteristic of both parental

types were present in the serum of the By hybrids, and the probability
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therefore appeared high that brown trout found to possess proteins
normally occurring im high freguencies only in the Atlantic salmon
were hybrids.

An alternative explaination to introgressive hybridization 1s
that proteins normally present only in rainbow or Yellowstome cutthroat
trout are typical of populations of westslope cutthrbat trout, but in
frequencies too low to be detected in relatively small samples. High
frequencies of such proteins might be explained on the basis of the
operation of natural selection in populations subject to atypical
environmental conditions, or on the basis of genetic drift im
populations isclated from others by a barrier to gene flow or
founded by a small number of migrant individuals. However, evidence
in faver of these hypotheses ie lacking.

On the other hand, there is some reason to believe that the
proteins normally found only in the other types of trout occurred
in populations visually classified as westsliope cutthroat trout as &
result of hybridization. The stocking records of the Montana
Department of Fish and Game indicate that Crystal Lake, which empties
into Deer Creek (4), was stocked wtih rainbow trout from 1949 to
1953, Deer Creck was also scheduled to be heavily stocked with
cutthroat trout severazl years ago, although there is no record that
the stocking actually took place. Three of the 25 trout taken from
Deer Creek had proteins not commonly found in fish visually classified
as westslope cutthroat trout. In 1948, Cherry Creek {3} was also
gtocked with rainbow trout, and one of the 14 fish in the sample from

Cherry Creek possessed z protein not normally present In westslope
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cutthroat trout. Chippy Creek {2} was stocked in 1950 with cutthroat
trout fra@ the hatchery at Arlee. Prior to 1968, such trout were
derived from a brood stock obtained from a number of sources including
Georgetown Lake which had‘itself been stocked with Yellowstone cutthroat
trout. Three of the 20 fish taken from Chippy Creek had proteins not
common in westslope cuithroat trout. Medicine Lake, which empties
into Congdon Creek (19}, was stocked between 1948 and 1957 with
cutthroat trout from the Montana State Fish Hatchery at Anaconda.
These trout were knmown to be Yellowstone cutthroat trout. Ten of the
20 trout taken from Congdon Creek had proteins not characteristic of
westelope cutthroat trout. No stocking records were found for CGdell
Creek {22) or Greenough Creek {(8) each of which had trout with protedins
not characteristic of westslope cutthreat trout. Bowever, both creeks
empty into rivers or lakes that contain rainbow trout and neither has
any apparent barriers to the upstream migration of these trout.

There is no rvecord of stocking for the remaiping five populations
of trout visually classified as westslope cutthroat trout. However,
one of these occurred in Big Rock Creek (1), and grouped with other
populations (2-4) ip nearby creeks which had been stocked. OFf the
rest, three (6, 7 and 20) had unusually low freguencies of protein
Y. The samples from Lelo Creek (7) and Straight Creek (6} were taken
above waterfalls and were, therefore, from isciatad populations,' Thus
the unusually low frequency of the protein Y in these populations
could be explained on the basis of genetie drifr. However, no such
physicsl barrier was found on Moose Creek (2), although one could have

been present that was not detected. Of course, natural selection
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operating against protein ¥ in the populations of trout in these
three streams 1s an alternate explaination for its low frequency.

Genetic drift or natural selection might also explain the
unusually high frequency of two phenotvpes (45DCY and 45DY) in the
remaining population visually classified as westslope cutthroat
trout——that from Elliot Lake {16}, which is iscolated from populations
of trout in the stream draining the lake.

1t was previously noted that in the phencgram based upon the
frequencies of overall protein phenotvpes (Fig. 9), the population
in Overwhich Creek {21) grouped with those classified as rainbow
sroutr (17 and 26) even though dits trout were visually classified as
Yellowstone cutthroat trout. However, a chi-square test did indicate
that the phenotypic frequencies in the population from Overwhich Creek
differed significantly {p <0.001) from those of rainbow trout. The
reagon for this apparently anomalous situation appears to be that the
population in Overwhich Creek has resulted from hybridization between
introduced Yellowstone cutthroat trout and native westslope cutthroat
trout. Records of the Montana Department of Fish and Game verify
that Yellowstone cutthroat trout from the Montana State Fish Hatchery
at Hamilton were stocked in Overwhich Creek. Since rainbow trout
appear to group at a position intermedisate to westslope and Yellow—
stone cutthroat trout on the basis of the phenotypic fregquenciles, it
ig not surprising that hybrids between Yellowstone and westslope
cutthreoat trout would also be located at an intermediate position in
the phesnogram.

It hag alsc bDeen mentioned that cutthrost tyout from the
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hatchery at Big Timber (24), which are derived from 2 brood stock taken
from McBride Lake, appear from visual inspection to possess spotting
characteristics of bhoth Yellowstone and westslope cutthroat trout—-
the size of spots varled from large to small. Yet these trout group
closely with those populations considered to be Yellowstone cutthroat
trout in the phenograms in Figs. 8 and 9. Behnke (personal communica-—
tion) has suggested that McBride Lake may have had an indigenous
population of cutthroat trout before Yellowstone cutthroat trout were
introduced. This would be a fsasible explaination for the appearance
of the trout presently found in McBride Lake, if the indigenocus trout
population of this lake consisted of a form of cutthroat trout with
small spots, such as the westslope cutthroat trout. However, the
esterase phenotype 4,5 was absent from the sample of trout from the
hatchery at Big Timber, and it therefore seems unlikeiy that the
indigenous fish of McBride Lake were westsiope cutthreat trout.
Poesibly the indigencus trout were dervived from the Snake River, in
which exist populations of cutthroat trout with small spotsz. If big-
chemical analysis of the trout from the Snske River bore out this
hypothesis, it would reinforce the value of bilochemical analysis in
providing insight into taxonomic relationships. Unfortunately, popula-
tions of cutthroat trout in the Snake River were not sampled for this
gtudy.

Behnke (personal comuniestion) has stated that, on the basis of
an analysis of meristic characters, the westslope cutthroat trout and
trout from Silver {resk in the upper Missouri drainage are more closely

related to each other than are either to Yellowstone cutthroat troutb.
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This relationship is also indicated in the phenograms in Figs. 8 and 9
where the population in Odell Creek (22) inm the upper Missouri drainage
groups with westslope cutthroat trout rather than with the Yellowstone
cutthroat trout. Zimmerman {1963} could find no significant meristic
differences between cutthroat trout from the upper Missouri River and
those from western Montana. It would therefore seem appropriate to
include westslope cutthroat trout with cutthroat trout from the head~

waters of the Missouri River under the name Salmo clarki lewisi. The

implication of these findings is that cutthroat trout eriginating in
the upper Columbia drainage were forced from glacial lakes into the
upper Missouri drainage. This suggestion was originally made by
Behnke (persomal communication). It had previocusly been believed that
cutthroat trout found in the upper Missouri drainage entered the drain-
age via Yellowstone Lake (Jordan and Everménn 1937).

At this point, it is appropriate to discuss the value of the key
of phenotypes encountered in trout sampled for this study {(Fig. 10}.
The key gives an indication of the relative importance of the wariocus
proteins described in this study for the purpose of identifying trout
as Yellowstone cutthroat, westslope cutthroat or rainbow trout, oY
hybrids theregfg_

Isterages 6 and 8 are of the greatest importance in distinguish-
ing Yellowstone cutthroat trout from westslope cutthreat and rainbow
rrout. HNo fish visually classified as a Yellowstone cutthroat trout
1acked these esterases. Furthermore, no trout visually classified as
westslope cutthroat or rainbow trout lacked esterames 4 and 5. Only

in troat taken from streams in which Yellowstone cutthroat trout had
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been planted aslthough westslope cutthroat trout were already present—
namely Overwhich Creek (21} and Congdon Creek (19)--did szterases
4, 5, 6 and 8 occur together. Esterases 7 and 9 occurred only in trout
visually classified as rainbow trout with the exception of ons individ-
val visuslily clasgified as a westelope cutthrost trout. Thus, it
would seem that esterases 4 and 5 are characteristic of westslope
cutthroat and rainbow trout, esterases 7 and 9 are characteristic
of rainbow trout, and esterases 6 and 8 are characteristic of
Yellowstone cutthroat trout. Since the esterases appear to be
controlled by three codominant alleles at a single locus they are very
useful for detecting hvbridization between the various types of trout.
For example, the populstion in Overwhich Creek (21} would appear to
have resulted from hybridization between Yellowstome and westslope
cutthroat troult, because esterases 4, 5, 6 and 8 are zll present.

Protein ¥ was found only in those trout visually classified as
cutthroat trout, or in rainbow trout possessing the bright cutthroat
slash mark and therefore clearly hybrids. Protein H was not found in
any trout visually classified as Yellowstone cutthreoat ftrout, and the
same was true of protein § except that it was present in trout from
Overwhich Creek, presumably as s result of hybridization. Protein
C never occurred in trout visually classified as rainbow trout, and
protein B occurred only rarely in trout visually classified as
westslope cutthroat trout. Only proteins D and Y appeared to be
fraquent in all three types of trout.

it would not alwavs be possible to classify a fish ss a westslope
cutthreoat, Yellowstone cutthroat or rainbow trout, or a hybrid, only

on the basis of the proteins found in its serum. However, when the
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serum proteins and enzymes are considered in addition to general
morphology, it is likelv that a better understanding of the genetic
make-up of a population and of its taxonomic relationships with other
populations would be obtained than if a judgement was based on either
type of evidence alone,

As a final topic for discussion, it might be worthwhile to
speculate upon the chances for survival of the westslope cutthroat
trout. Behnke {1973) has stated that at least 99% of the native
populations of 5. clarki inm the interior regions of the U.8.A. have
been lost in the last 100 vears, and Brown (1971) also concluded that
& major reduction in the number of native cutthroat trout in Montana
had occurred in that period.

Miller (1957} found that the home range for cutthroat trout in
a small stream in Alberta was about 9-18 m in length. All stages of
the life cycle occurred in the ho&e range. EIven when displaced by
high waters, trout returned to their home range whenever possible.
When 2 half-mile section of stream was poisoned below an area populated
with cutthreat trout for several vears in succession, only about 12 to
5C trout drifted down from upstream into this area in any given vear.
Such an area would normally have a population of about 500 cutthroat
trout. Upstresm migration of cutthroat trout alsc appeared to be
very limited. Assuming that similar circumstances are found in the
small high mountain streams of Montana, one would rarely expect to
find movement of great distances by westslope cutthroat trout under
normal conditions in these streams, Therefore if hybridization with

rainbow trout, which would presumably migrate upstream only far enough
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to find suitable breeding grounds, cccurred in the lower sections of
various streams, one would expect the upstream flow of genes from
rainbow trout to be a very slow process. However, the foreign genes
might eventually reach the headwaters of the streams in which hybrid-
ization occurred, thereby contaminating the populations of westslope
cutthroat trout in these streams. GSelection against the foreign
genes might occur in the upper reaches of a2 stream where conditions
could be verv diffevent from those in the normal habitat of the rainbow
trout.

A similar situation was investigated by Hagen (L967), who found
that hybridization between the marine threespine stickback {(Gasteros-

teus trachurus) and the freshwater threespine stickleback (G. leiuvrus}

readily ccourred in an environment intermediate to the one preferved by
each species and hybrids did not appear to be selected against in this
area. However, outside the narrow zone of hybridization, hybrid fish
appeared to be selected against strongly.

Tf, in fact, hybrids between rainbow and westslope cutthroat
trout were selected against in the upper reaches of small mountain
streams, the presently surviving populations of westslepe cutthroat
trout would appear to be in less danger than one might expect.

Whether or not the streams and lskes of Montana should be
maniaged to protest tative species of fish is a matter of personal
Judgement. If the goal of mansgement is to encourage the prolifera-
tion of trout with maximal growth rates and ¢atchability, pevhaps the
planting of ralnbow trout and other exctic species in state waters

should be continued. If, however, the goal is to malvtain the genetic
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diversity already present in populations of trout in Montana, then more
extensive programs of management should be instituted to protect the
remaining specles of native trout. Such programs might involve the
planting of narive westslope cutthroat trout in barren waters, and
the reclaimation of streams from which the westslope cutthreat trout
has been displaced by exotic specles.

The need to maintain the genetic diversity of native species
should be apparent to all who possess a basic understanding of fisheries
managenment. Yt is to be hoped that the state and federal agencies
which control the waters of Montana will endeavor to preserve and
expand the range of distribution of the most important game fish native

to Montana--the westslope cutthreat trout.



Chapter ¥V
SUMMARY

Intraspecific and interspecific varlation was investigated in
the westslope cutthroat and Yellowstone cutthroat trout, 5. clarki,
and the rainbow trout, 5. gairdneri. The extent of introgressive
hybridization between these specles was glso examined. In 211, 547
trout were taken from populations at 25 different locations in Montana
and Yellowstone Kational Park. Information obtained in this study
revealed the following:

1. 'The spotting pattern, coloration and spot size of westslope
cutthroat trout varied greatly both within and between populations.
There was no evidence that this variation was the result of hybridiza-
tion with trout of another type. Coloration of the trout appeared to
be correlated with the density of the canopy over the stream from
which they were taken.

2. Starch gel electrophoresis revealed that serum protelins,
esterases, lactate dehydrogenases and hemoglobins were polymorphic
in several of the populations sampled. However, only the serum proteins
and esterases were used in a subsequent amalysis of variation within
and between populations. BSix esterases, apparently controlled by
three codominant alleles at a single locus, and seven serum proteins
were distinguished by means of electrophoresis.

3, ¥o significant differences were found between the sexes
with respect to the frequencies of the serum proteins in rainbow troutb
taken from the Montana State Fish Hatchery atf Ariee.

4, The three types of trout recognized by visual inspection--—

48
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westslope cutthroat, Yellowstone cutthroat and ralinbow trout--were
distinguished on the basis of the frequencies of individual serum
proteins and their overall phenotypes. Relationships between popula~
¢ions of these three types of trout, measured in Lerms of sguared
Fuclidean distance and shown in phenograms, revealed that populations
visually classified as westslope cutthroat troulb were biochemically
more closely related to those visually cl.ssified as rainbow trout
than to those visually classified as Yellowstone cutthroat trout, even
though both types of cutthroat trout are presently classified as Salmo
clarki while rainbow trout are classified as S. gairdnerd.

5, Cutthroat trout from the headwaters of the Missouri River
were found to be genetically more similar to westslope cutthreoat trout
raken from west of the Continental Divide in Montana than to Yellow—
stone cutthroat trout from Yellowstone Lake, in the Missouri drainage.
This suggests that populations of cutthroat trout in the headwaters
of the Migsouri River were derived from populations of westslope
cutthroat trout in western antané rather than from cutrthroat trout
that passed through Yellowstone Lake.

&. In general, populations of westslope cutthroat trout in
cloge proximity showed a considerable degree of genetic similarity.

7. In a monothetic sequential key of the phenotypes of sampled
rrout constructed on the basis of information theory, phenotypes
characteristic of Yellowstone cutthroat troul were sepavated from
those characteristic of westslope cutthroat and rainhow trout at almost
rwice the level of information that separated phenctypes characteristic

of rainbow trout from those characteristic of westslope cutthroat
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troutl.

8., The presence in populations of trout visually classified as
westslope cutthroat trout of proteins usually found in high frequencies
only in Yellowstone cutthroat or rainbow trout was believed to be the
result of introgressive hybridization following the stocking of one of
these exoiic species.

9, Of the 21 populations sampied which were visually clagsified
as westslope cutthroat trout, eight were suspected on the basis of
biochemical evidence, of containing hybrid trout. Of the eight streams
involved, six had records of being stocked in the past with either
rainhow or Yellowstone cutthroat tyout, and it is highly likely that
unrecorded introductions of exotic species of trout were made in the
remaining two sireams. On the basis of the results obtained in this
study, the stocking of exotic species of trout is almost certainly
the greatest immediate threat to native populations of westslope
cutthroat troutb.

10. When serum proteins and enzymes are considered iIn addirion
to genersl morphology, & better understanding of the genetic make-up
of populations and their taxzonomic relationships is likely to be

obtained than if either type of evidence is considersd alone.
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Table 1. Characters typical of cutthroat and rainbow trout.

Character
Vertebrae

Scales in
lateral line

Scales above
lateral line

Gill rakers
Pyvloric caeca

Pelvie rays

8. clarki,

cutthroat trout

Mean Range
62 6054
176 140-200
&0 32-48
19 15~23
40 30-50
g 8~10

S. gairdneri,

rainbow trout

Mean Range
63.5 61-65
133 110-150
28.3 25~32
15 1622
50 35~70
i0 9-11
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Table 3. (A) Electrophovetic conditions for the proteins examined.

{8} Constituents of buffers.

Y

Protedn

Serum wroteins
Esterase

Lactate
dehydrogenase

Hemoglobin

Transferrin

(B)

Gel Buffer
tris-borate-EDTA

tris-boxateméﬁfé

tris-citrate
tris-borate~EDTA

tris~-horate~EDTA

57

Electrode Buffer

tris-borate~EDTA

tris-borate~EDTA B

tris-borate
tris~borate-EDTA

tris-borate-EDTA

%

7.

7.0

8.

7.

&

.6

Tris—~borate~EDTA, pH 7.0 tris (hydroxymethyl) aminomethane
ethylenediamine tetraacetic acid

Tris~citrate, pH 8.6

Borate-lithium

hydroxide, pH 8.6

Tris-borate-EDTA* pH B.6

boric acid

distilled water to

citric acid, monohydrate
disriiled water to

borate-lithivm hvdroxide, pH 8.6 to

boric acid

lithivm hydroxide
distilied water to

boric acid

ethylenediamine tetraaceiic acid
distilled water fo

tris (hydroxymethyl} amincmethane

tris (hydrozxymethvl) amincmethane

*For electrode chamber, diluted 1:7; for gel, diluted 1:20,

Voltaze

Time

500

500

500
5G0

500

o Zh
40
.50
.00

40
.30
.60
.00

Y 20

8.60

109.

30.
-84
.00

00

00
S0

bt GG G0 09

e (0 G Pt b (0 G

k=i 3O GO G0

4 h

4 h

4 h
4 h

4 h
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Table 4. Staining procedures for proteins.

Proteins

Serum proteins

Esterase

Lactate
dehvdrogenase

Hemoglobin

Transferrin

Stains

Saturated solution of napthol

blue~black {(Sigma Chemical Co.,

5t. Louis, Mo.} in methanol,

water, and acetic agecid (50:50:

I by volume)}. 200.0

Stained for 4 minutes.
Destalined in solvent.

fast blue RR salt 200.0
1% slpha-napthyl scetate

{in acetone and water, 1:1 by volume}b.4
0.1 ¥ tris-HCL buffer, pH 7.0 24.0
distilled water to 20G.¢
Stained for 30 m and fixed in

methanol, water, and acetic acid
{50:50:1 by volume).

0.1 ¥ tris-HCl buffer, pH 8.0 4
licthium lactate
bata~diphosphopyridine nucleotide &
shenazine methosulfate 1
nitro blue tetrazolium &
distillied water to 20
Stained for 30 m and fixed in
methanol, water, and acetic acid
(50:50:1 by volume).

o-dianisidine 3.
conc. HCL 10
0.1 M sodium acetate~HCL buffer,

pH 5.7 2
857 ethancl &
distrililed water o 20

The following solutions mized in

the proportions 1:1:20,

{a) 2,4-dinitreoso-l,3-napthalenediol
{Bastman # 2303 2

absolute ethanol to i
{b} hydrguinone

absplute ethanol to i
{¢) sodium aceiate tribydrate 3
glaciagl acetic zcid 1

distilled water to 20
tained overnight.

ml

mg

ml
mi
ml

mi

mg
mg
mg
mi

3 ml

mi
mi

mZ
ml

ml

ml
ml



Table 5. Banding freguencies of serum proteins and esterases.
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POPULATION BANDING FREQUENCIES OF PROTEINS
¢ 5 £ __F ¢ H Y & 68 79

1 6,95 - T G.89 T.00 - 1,00 1.0 - -

2 0.05 0.80 0.05 0.85 0.85 0.05 1.00 1.00 - -

3 ~  0.86 0.07 0.79 0.93 ~ 1.00 1.00 - -

4 0.04 0.68 0.04 0.96 1,00 0.04 1.00 1.00 - -

5 -~ 0.27 - 1.00 1.00 - 1.00 1.00 - =

6 - 0.91 - 0.8 0.91 - 0.41 1.00 - -

7 - = = 1.001.00 - 0.09 1.00 - -

8 - ©0.78 0.11 0.89 1.00 0.11 1.00 1.00 - -

9 -~ 0.43 -~ 0.96 1.00 0.07 1.00 1,00 - -
10 - 0.47 - 0.93 1.00 - 0.87 1.00 - 0.05
11 - 0.29 - 1.00 1.00 -~ 1.00 1.00 -  ~
12 - 0,25 - 1,06 1.00 - 1.00 1.00 - -
13 - 0.31 - 0.94 1.00 - 1.00 1.00 -  ~
14 - 0.30 - 1.00 1.00 - 1,00 1,00 - -
15 ~ 9.5 - 0.92 1.00 - 1.00 1.00 ~ -
16 - 1.00 - 0.380.62 - 1.00 1.00 - -
17 - 0.60 0.73 0.13 0.80 0,87 0.93 1.00 - -
18 - 0.21 - 1.00 1.00 ~ 1.00 1.00 - -
19 - 0.70 0.30 0.95 1.00 0.10 0.70 1.00 0.35 -
20 - 0.3 - 1.00 1.00 - 0.05 1.00 - =
21 0.12 1.00 0.96 0.04 0.72 - 0.16 0.16 1.00 -~
22 - 0.48 0.39 0.96 1.00 - 1.00 1.00 - 0.09
23 0.24 1.00 0.82 0.18 - - 1.00 - 1.00 -
24 0.04 0.96 1.00 6.04 - - 1.00 - 1.00 -
25 0.08 1.00 0.96 0.17 - =~ 1.00 - 1.00 -
26 -~ 0.730.89 - 0.64 0.88 0.96 0.75 ~ 0.32
27 - 0.20 - 0.90 1.00 - 1,00 1.06 - -

n

28

14
25
15
22

i1

28
13
21
1%
18
20
13
24
i3
14
20
22

25

17
24
24
5é

i0



Table 6. Phenctypic

Phenotype

frequencies

60

of serum proteins,

Population

GHY -
BHY

DEGHY -
DEY -
DEHY -
EGHY -

FGY 21,
DFGY .68 .
DEY 07 .

oY -
DEGY -
DEFGY -
CDGY -
CDEY -
CDEGY -
CDFGY -
DEGHY -

EFGY -
CDFY -
DEHY -,

GY 04
EY -
DEFY -
FGHY -
chy -
DFY -

DE -

FG -
DFG -
DG -
DEG -
DEFG -
CDE -
DFGH -
FGH -
DHY -

6 7 8 9 10

- -.11 - -

- - -.07 -



Phenotype

Population

61

GHY
FHY
DEGHY
DEY
DEHY
EGHY
FGY
DFGY
DGY
oy
DEGY
DEFGY
CheY
CuEY
CDEGY
CDEGY
DFGHY
EFGY
CDFY
DGHY
&Y

BY
DEFY
¥GHY
ooy
DFyY
DE

FG
DFG
e
DEG
DEFG
CDE
DFGH
Fa&u
DRY

§

20

21

.04

22



Table 7. Freguencies of

Neo. Phenotype

82

serum protein and esterase phenotypes.

Population

N0 b LA B L2 DO e

45CGHY
LEEHY
45DEGHY
45DEY
45DEHY
LBEGHY
45FGY
45DFGY
45DGY
45DY
A45DEGY
45DEFGY
45CDFGY
AL5DFGHY
4EEFGY
45CDFY
45DGHY
456Y
LEDEFY
45FGHY
45DFG
45FG
45DFGH
45DHY
4506
45FGH
L579GHY
£5798HY
4579DEGHY
4579DEY
4579EGHY
4579FGY
L579DEFGY
68DE
58DEG
&68DEFG
63CDGY
68CDE
58DEY
GBCDEGY
GECDY
G8CDEY
68DEFY
GBDYY
L8EY
4568DK
4568DECY
L568DEFGY
LESBEGY
4568DFGEHY
L56EDEFG

- o N

Fow oo o i

1 - e e e e e

- .
- - - 210 - - 2 - -
- e T e e e e -
S -
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No. Phenotype Population
15 16 17 18 19 20 21 22 23 24 25 Ze 27
1 45GHY e
2 4BEHY - - Z - - - - - - - - 5 -
3 45DEGHY - = 7 = = = = = = - - 15 -
4 45DEY v A
5  45DEHY T
& A45EGHY - - i - - e . o - - - - -
7 45FGY & - 1 11 2 ~ = 11 - = = - 8
8 45DFGY & 2 - 3 4 1 = 2 - = = - 1
9 45DGY 1 6 = = = = = 1 = = = = 1
10 45DY T
11 45DEGY - e e e e e = 1 e e e e
12  45DEFGY - e = = 1 = e 5 e e e e
13 45CDFGY - e e e m e m e = e =
14  ASDFPGHY - e e e e e e e e e e
15 45BFGY .
16 45CDFY .
17 4BDGHY - e e e e e e e e e
18  45GY .
19 45DEFY O
20 4B5FGHY - - - - - - - - - - - - -
2% A4SDFG - e e 3 2,
22 4BFG - - - - 1 14 - - - - - - -
23  A5DFGH - - - - i - - - - - - - -
24 45DRY - A - = - - - -
25 45DG - e e e e e
26  45FGH . e 3w m m e e w e e e
27  AB79CHY T
28 4579EHY e
20 45TODRECHY = = m m owm = = e o= o= 30w
30 4B79DEY - e e m m m e e a == 7 .
31 4579RCHY T
32 4579FCY U
33 4B79DEFCY - - - - - - - 3 - - " - -
34 L8DE e B A T S
35 68DEG o T .
36 6BDEFC e
37 BBCDGY -
38 68CDE e
39 GBDEY - = = = o= e 1 e 1 21 18 - -
&0 GHCDEGY s - - - - - 1 - - - - - .
1 &BCDhY s - - - - - - - 2 - 1 - "
42 GBLDEY e T S S A SR
43 GBDEFY - e e = e e 2 1 & e
44 GEDFY - - - - = - - - i - - - -
45 BHEEY e
46 45BBDE e
47 4568DEGY e
48  456BDEPGY - - - - Z - - - - - - - -
49 4388FGY - e e = 2 = e e e e e =
50 ASEBD¥CHY = = 2= = 1 = e e m o a e e .
51  456BDEFC s



Figure 1.
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Map of western Montans showing sampling locations.
Dotted line represents Continental Divide. C--Clark
Fork River, M—-Misscuri River, Y--Yellowstone River,
Sampling locations are listed in Table 2.
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Figure 2.
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Top: starch gel showing lactate dehydrogenases found

in 8. clarki and S. gairdneri. Phenotype of column 1:
1,3,4,5. 2: 1,3,4,5. 3: 1,4,5,6,7. 4: 1,4,5. 5: 1,
2.3,4,5. 6: 1,2,3,4,5. 7 1,3,4,5,6,7.

Bottom: starch gel showing hemoglobin phenotypes.
Serum samples 1,3,5: 8. clarki, samples 2,4,6: S.
gairdneri. Phenotype of columns 1,3 and 5: M,0,F,Q,
R,T,V. Phenotype of columns 2,4 and 6: L,N,P,Q,5,0U.
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Figure 3. Variation in the esterases, lactate dehvdrogenases
and hemoglobins in §. clarki and 8. gairdneri.
Rumbers represent rates of migration of the esterases
relative to serum protein C.
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Flgure 4.
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Top: gtarch gel showlng esterase phenotypes found in

S. paixdneri. Phenotype of colummns 1,5,6,7 and B: 4,5.

Phenotype of columns 2,3,4 and 9: 4,5,7.9.

Bottom: starch gel showing esterase phenotypes found

in §. clarki. Phenotype of column 1: 4,5,6,8. 2: 6,8.

3: 4,5, 4: 4,5. 5: 4,5,6,8. 6: 4,5, 7: 4,5,6,8.

¥
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Figure 3. Starch gel showing serum protein phenctypes. Serum
samples 1-4: 3. clarki, samples 5 and 6: §. gairdneri.
Phenotype of column 13 ¥,G,Y. 2: D,F, G, Y. 3: F,G,Y.
4: ¥,6,Y. 5t D,E,Y. 6: D,E,G,H,Y.
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Figure 6. Starch gel showing serum protein phenstypes. Serum samples
1, 3~5: 8. clarki, sample 2: 5. gairdneri. Phenotype of
column 1: D,E,F,G,Y. 2: D,E,G,H,Y. 3: F,G, Y. 4: ¥,G.

5: D,F,G,H,Y.
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Figure 7. .Variation in the serum proteins in 8. clarki and 8§,
- gairdneri. Numbers represent rates of migration of the
serum proteins relative to that of protein C.
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Figure 8.

78

Phenogram showing relationship between populations

based upon the frequency of occurrence of the serum
proteins. The numbers to the ieft of a bar represents

the probabllity that the two populations or groups of
populations joined by the bar were identical with respect
to the frequencies of serum proteins and ssierases. A?
represents squared Buclidean distance.



POPULATIONS

5 11 12 13 14 l? 2? 159 10 22 2138 % & 19 16 7 20 26 17 24 23 23 21
E ciri dﬁéwéwj

< .0001 ““-"—-‘—-{
<.001

8.3

0.4

0.5

G.6

G.8

G.9

EgG

i.1

1.2

i

AR

ST Y

1

3 N
AR
A\
Y
AN
\ Y

AR
YA

5N
A




Figure 9.

80

Phenogram showing rvelationships between populations bhased
upon the frequencies of serum protein phenotypes. The
numbers to the left of a bar represents the probability
that the two populations or groups of populations joined
by the bar were identical with respect to the freguencies
of protein phenotypes. A’represents squared Euclidean
digtance.
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Figure 10.

82

Monothetic seguentisl key of the phenotypes of sampled
trout. I represents the total information content of

the groups of phenctvpes. The numbers at the bottom of
the key represent the phenotypes listed in Table 7.

The numbers and letters at divisions in the key represent
serum proteins or esterases observed in this study.
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COLLECTION OBSERVATIONS - WESTSLOPE CUTTHROAT TROUT

THOMPSON FALLS - Cherrv Creek

Cherry Creek was sampled in the NE%, section 13, T. 20 N., R. 29 W.
The stream had a moderately tight coniferous canopy. The bottom of the
stream was rubble and scoured. The fish caught in the stream had the small
spots which varied in patterns from fish to fish. The fish caught varied in s
size from 10 cm, to 22,5 cm. Overall, the stream appeared to be relatively
unstable. T would guess the stream to have a moderate Fishery potential.

The sample was taken July 10, 1972, with a water temperature of 529,

PLAINS - Bieg Rock, Bear, Chippy, and Murr Creeks

Big Rock Creek was sampled July 11 with a water temperature of 46°.
The sample was taken in T. 25 N., R. 26 W., section 34. The creek had a
moderate coniferous and deciduous canopy. It had a rubble bottom with a good
supply of aquatic insects. The stream appééred to be stable with a good
potential fishery. The fish caught varied in léngth from less than 15 cm.
to 23.5 cm. The fish collected had the large spots again found in varied
patterns and quite dark, These were very good looking cutthroat, with the
exception of the large spots.

Chippy Creek was sampled on July 11, 1972, with a water temperature
of 46°. The sample was taken in T. 24 N., R. 26 W., sections 32 and 33.
The creek had a moderate coniferous and deciduous canopy. The stream had a
rubble bottom type and was stable. Fish were smaller on the average than

those found in Big Rock Creek. The Fish varled in Tength up bo 22.4 om,




Some fish had big spots like those found on Big Rock Creek but had a good

overall appearance. Many small Dolly Varden were also present. 1 would
guess the stream to have a mcderate fishery potential.

Murr Creek was sampled on July 13, 1972, and had a water temperature
of 47°. The creek was sampled in T. 25 N., R, 26 W., sections 10 and 11.
The creelk had a moderate cottenwood and coniferous canopy. The bottan type
was a combination of £lat rocks, rubble, and gravel, 1t appearsd to be
moderately stable. The stream was hard to fish because of several windfalls
and bBrush., Above where the north fork joins there was not much water in
the main creek or the north fork. Only eastern brock trout up to 10 inches
in length were found and I assumed that these were planted since step falls
about 1 mile from the mouth probably keep fiéh from going upstream,

Bear Creek was sampled July 14, 1972, aﬁd had a water temperature of
43°, It was sampled in section 9, T. 23 N., R. 26 W, It had a rubble and
gravel bottom type and appeared to be moderately stable, It had a good
insect population, but no fish. This is due to several largze falls near the
end of the road alongside the creek. The stream had several good pools and

would probably support a good population of fish if they were introduced.

PHILLIPSBURG =~ Congdon, Ross Fork, Little Stonev, Carp Creecks

Congdon Creek was sampled on July 17, 1972, with a temperature of 52°.
The water had a brownish tint with a mossy rubble bottom., There was a thick
coniferous canopy with resulting darker fish. The stream was sampled in
T, & N,, R, 17 W., sections 2 and 3. The stream appeared to be stable with

a good [ishery potential., The fish were dlstinctive since they had purple




slash marks and ventral surfaces in several instances. They had the

small spots, ranged from 14.2 cm. to 20.2 com,, and were very good looking
cutthroat as a whole,

The Ross Fork was sampled on July L8, 1972, and had a water tom-
perature of 52°. 1t had a rubble bottom type and appeared to be quite
stahle. Tt had a moderate coniferous canopy., It appeared to have a good
fishery potential. The stream was sampled in T. 4 N., R, 17 W., sections
10 and 11. The fish ranged in size up to 25 cm. The fish had small spots
and locked quite good in general, but several had the small shiny scales
found on rainbow trout.

Little Stoney Creeck was sampled on July 20, 1972, with a water tempera-
ture of 40°, It was sampled in T. 6 N., R. 17 W., sections Joand 4. It
had a tight coniferous and deciduous canopy. The stream bottom type
ranged from gravel to large rubble, It appeared to be moderately unstable
because of several different channels cut during flooding. There were only
a few good holes, and it was hard to fish the stream because of numerous
windfalls. 1 would guess the stream to have a low fishery potential. The
fish caught varied in length from 12 cm. teo 23 em., The f£ish had larger spols
and looked like the average stock of westslope cutthroat.

Carp Creek was sampled on July 21 with a water temperature of 40°,

Tt had a moderate to open coniferous canopy with a scoured gravel and
sand bottom type mixed with larger rubble. No fish were present possibly

due to several barriers, but I would guess that lack of food also explains




the absence of fish in the streams. I would guess this stream £o have

a very low fisherv notential although several large holes were present.




Arrasta Creek was sampled at T, 15 N., R. 10 W., section 24 (SWxy,
The water temperature was 48° op July 24, 1972, a moderate coniferpus
CANnopy was present, The $treambed was composed of rubble and appearead
to be stahle, Many steep runs Were present with fow deep holes, There
were several windfalls in the area also, TFisgh ranged up to 21.2 em.

One %-1b, Dolly varden was alse caught., The cutthroat caught were
typical of those found in most streams in that the majority appeared to
have characteristic cutthroat markings, but a few fish appaared question-
able. T would say this stream could not support much fishing pressure.

Alice Creek was sampled at T. 14 N.; R. 7 W., section 14 (SW%) on
July 25, 1972, The water temperature was 30°, A moderate to open
coniferous canopy was present with a rocky streambed that appeared to
be stable. There were several shallow holes in the stream which yielded
fair numbers of cutthroat that ranged in size up to 22 cm.  The cutthyear
looked good in this stream. The SCtream was casily fished and can probably
stand moderate fishing pressure,

Shave Gulch Creek was sampled at T. 15 N., R, & W., section 21 (NE%)
on July 26. The water temperature was 480s A tight willow Canopy was
present. The streambed consisted of small rocks and appeared to be
moderately stable, There was not much water in the Stream and few holes

but the fish looked good. Cutthroat ranged up to 16,8 cm, in length,

This stream does not offer large enough fish to make ir of interest to

fishermen,




Bear Trap Creck was sampled ot T, 15 H., B, 6 W., scetion 27 (W) .

No cancpy was present. The streambed consisted of sand. The sample
was taken from a stretch of stream about 100 feet below a settling pond
and then was joined by a polluted stream from old mining works. No
fish were found below this point., The fish in the sample presumably
came from the settling pond through a drainage pipe at the base of an
earth dam. The water temperature was 46° and the fish appeared to be
average for cutthroat, The cutthroat ranged in size up to 22,2 om.
This stretch of stream could stand no fishing pressure.

Poorman Creek was sampled at T. 14 N., R. 9 W., section 36 (SE%).
A sparse coniferous and cottonwood canopy was present. The streambed
was composed of mud and gravel and did not appear to be very stable.

The water temperature was 50°, There are several deep holes in the
stream and three Dolly Varden weighing about 1 pound each were taken in
addition to four brook trout. The cutthroat sampled was of questionable
purity and ranged in size up to 23.8 ecm. This stream would appear to be
capable of supporting a moderate amount of fishing pressure.

Lower Elliot Lake was sampled at T. 7 N., R. 11 W., section 29 on
August 2. The lake had a rock bottom and a deep dropoff with the shai-
lowest area being the lower end of the lake. The boltom consisted of
granitic rock and rubble. It had a bordering coniferous forest. It was
a high altitude 1ake‘surr0unded by sheer rock slopes. Upper [lliot Lake
drains into Lower Elliot at the upper end of Lower HElliot Lake. The

fish appeared to be the best stock of native westslope cutthroat yet

P




sampled. They had the scarlet and purple slash marks instead of the
usual orange marks. Also, they had few Spots anterior to the dorsal

fin and none helow the lateral lipe anterior to the dorsaql Fin. Congdon
Creek is the only other creek showing simi lar colorations in jtg fish,
The fish ranged in size up to 22 cm,

Little Blackfoot River was sampled at T, 7 N., R. 7 W., sections
2 and 3 on August 3, 1972 (in the Blackfoot Meadows). The fish ranged
in size up to 26.4 cm. The botton type ranged from sandy to rocky with
scattered deep pools present. Many large beaver dams were also found
along the stream resulting in several large pools, Whitefish and
zastern brook trout were also present, The canopy ranged from open to
moderate willow and coniferous canopy. The fish present were typical
of those found in most gtreams in western Montana, in that they had
heavy Spotting present over most of their bodies. There appeared to
be quite a bit of fishing pressure on this stream becausge of easy access
to the lower reaches,

Warm Spring Creek was sampled about 6 miles upstream west of
Garrison on August 3, 1972, and found to have no fish above where it
goes underground above the falls which is located about & miles off the
interstate. The creek was murky, probably due to heavy rains in the

area and logging operations in the upper sections of the creek which

present,  The reasen for this Lack of Fiolh ip not readi by apparent

unless they have never been planted above the falls which drops abous
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Deer Creek was sampled at sections 22 and 15, T. 46 N,, R. 30 ¥H., on

August 8, 1972, 1t had a rocky bottom (rubble) with a moderate coniferous
canopy. The temperature was 50°. There was a good water flow and the fish
looked better than average, but a few looked like hybrids. The stream was
about 9 feet across and stable. The fish ranged in size up to 9.8 cm.
Several Dolly Varden were also caught. The stream could stand a moderate
amount of fishing pressure.

Ward Creek was sampled at T. 46 N., R, 29 W., section 31, on August &,
1972, with a water temperature of 56%, It had a rubble bottom and was
about 8 feet wide with several pools. A heavy cedar and white pine canopy
was present, There were several small cutthroat present with the largest
caught being 19.5 em. The cutthroat appeared to be average for locul
streams of its size. This stream could stand a moderate amount of fishing
pressure.,

Moose Creek was sampled at T, 2 N,, R, 17 W., section 4. The water
temperature was 499 F. on August 17. A moderate coniferous canopy was
present. The streambed was composed of gravel, rubble, and boulders.

The stream appeared to be stable and was easy to fish for large cutthroat,
The cutthreoat ranged in size up to 26.4 cm, and were average looking cut-
throat, This stream could stand a fair amount of fishing pressure.

Overwhich Creek was sampled at T. 1 8§,, R. 20 W., sec. 28, 33, & 34.
The temperature of the stream was 53° on August 18. No canopy was present
in the area sampled, The streambed consisted of rubble and appeared to be
stable. The largest fish caught was 23.5 em. The sample was taken above
a large waterfall, but they appeared to be Yellowstone westslope cutthroat
(IR R NI FE Phie srresam cotchbd not stand wmaehe fiabing prespara, het ) Vocrianat el

access is bimited,
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Lolo Creek was sampled at T. 10 N., R. 24 W,, section 2. The water

temperature was 52° on August 21, 1972, A moderate coniferous canopy

was present, The strcambed was composed of rubble and appeared to be
unstable vhere it neared the highway. The largest fish caveht was 21 cm.
The fish were the average looking cutthroat. Lolo Creek could not stand
much fishing pressure at this location.

Straight Creek was sampled at T. 13 N., R. 26 W., section 10, The
water temperature was 50° on August 23, 1972, A light deciduous and
coniferous canopy was present. The streambed consisted of rubble and
boulders and appeared to be stable, The flsh were taken above a 30-Foot
waterfall but still looked average for the wests lope cutthroat in this
zrza, The largest fish caught was 22.5 cm. I would say that this area

of Straight Creek could only stand a moderate amount of fishing pressure,.




Creek or Lake

Cherry Creelk

Big Rock Cr,

Chippy Cr.

Muryr Cr.

Bear Cr.

Congdon Cr.

Ross Fork

Little Stoney

Carp Cr.

Arrasta Cr.

Aldice Cr.

Shave Gulch

Bear Trap

> r

Poorman

*

€

Fish Type

Cutthroat
Cutthroat

Ct, & Dolly
Varden
Fastern brook
None
Cutthroat

Cutthroat

Cutthroat

Dolly Varden
cutthroat
Cutthroat
Cutthroat

Cutthroat

Ct., Dolly
Varden, east

ano

tight coniferous

Moderate con, &

deciduous

Moderate con., &

deciduous

Moderate con.,
deciduous

Moderate con. &

deciduous

Tight conifercus

Mod., coniferous

Tight conif., &
deciducus

Mod, coniferous

Meod, coniferous

Open

Tight deciduous

Open

Sparse conif., &

deciduous

o

Boltom
rubble arp
scoured
rubble
rubble
flat rock,
rubble, gravel

flat rock,

gravel

rubble

rubble

gravel & rock

gravel & sand

rubble

rubble

gravel

Mud

mued & pravel

hocallon,

gec, L4, TZ0H,
R29, NEX

Te5), R26W,
seo. 34

T248, R26W,
sec. 32 & 33

T254, R26W,
sec, 10 & 11

T23%, R26W,
sec., 9

T4N, RL7W,
sec, 2 & 3

T4N, RITW,
sec, 10 & 11

T6N, R17W,
sec, 3 & 4

T3N, R15W,
gsec, 3

T158, R10W,
sec, 24

T16N, R7W,
gec, 14

TL5N, R6W,
sec. 21

T15N, R6W,
gec., 27

TLGN, ROW,
sec, 36

Largest IPlsh
Caupht

22.5 cm,

23.5 cm,

22.4 cm.

20,2 com.

25.0 cm,

23.0 cm.

21.8 cm.

22,0 cm,

16.8 cm.

22,2 cm,

23.8 cm,

average

good

average

averagse

average

average

pooOy




Creek or Lake

Fish Tvpe

Lower Elliot L.
Little Black~
foot

Warm Spring Cr.
Deer Cr.

Ward Cr.

Moose Cr.
owmﬂzﬁwﬁw Cr,
Lolo Cr,

~

Straight

-
P

Cutthroat

Ct., Whitefish,
eastern brook

Ct., Dolly
Varden

Cutthroat
Cutthroat
Cutthroat

Cutthroat

Cutthroat

Canopy
Open
Open to mod.

deciduous

Open

Mod., coniferous

.Heavy cedar &

white pine

Mod..coniferous
Open
Mod. coniferous

TLight deciduous
and coniferous

Bottom

Granite

Sand & rubble

Mud & rubble

Rubble

Rubble

- Gravel, rubble,

& boulders

Rubble

Rubble

Rubble

Location

T7N, RIiwW,
sec, 29

I7N, R7W,
sec, 2 & 3

6 miles upstream
from I-90 W, of
Garrison

T46N, R30W,
sec. 22 & 15

T46N, R2Z9W,
sec. 31

T2N, RL7W,
sec. 4

T1S, R20W,
sec., 28, 33, 34

T10N, R24W,
sec, 2

T13N, R26W,
sec, 10

Largest Fish
Caught

22 cm,

26.4 cm.

19.8 cm.

19.5 om.

26.5 cm.

3
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Lt

CI o

21 cm.

22,5 ¢m,

Quality of
Count

e e e

excellent
(hest found)

average

good

average

average

poor

average

good



